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@ Apparatus and method for burnishing magnetic disks. 

@ The burnishing toot has a plurality of holes (41) in the 
planar surface <40) which engages the flexible magnetic disk 
(4). Each hole contains a burnishing blade (42) positioned at 
4S" to the direction of motion. A manifold (20) connects each 
hole to a vacuum pump which draws air into the holes 
causing the flexible magnetic disk to fly against the planQr 
surface. The vacuum also removes the debris from ^e 
burnishing tool. 
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APPARATUS AND METHOD FOR BURNISHING MAGNETIC DISKS 

Various burnishing 1:echnigues have been used to finish the 
surface of flexible magnetic disks. In most cases these 
techniques have been adequate although available diskettes 
have a vide range of surface finishes. There is, however, a 
requirement for ever increasing bit density which cannot be- 
satisfied with existing coatings. It has been found that 
simply improving existing coatings with more burnishing to 
provide a smoother finish is not adequate and an intproved 
coating is necessary. Unforttmately, the existing burnishing 
techniques are not adequate to handle the improved coatings 
which have much improved smoothness. Smearing of asperities, 
embedding debris and removal of particles, causing voids, are 
common faults of existing techniques when applied to improv- 
ed, smoother, coatings. The improved surface needs only to 
have the occasional large asperity removed to eliminate 
readback defects. A further problem exists in the time 
required to burnish a disk. While some techniques provide 
adequate surface finish on existing media from a 20 to 40 
second burnish, a more desirable figure is 2-4 seconds. In 
other words, to be a satisfactory technique, the burnishing 
of improved media should be able to be completed in 2-4 
seconds. In addition to all this, the new technique should 
not require exotic technology or equipment but should re- 
semble the existing burnishing process as much as possible to 
make it easy to implement in existing manufacturing sites 
with minimxun retraining of machine operators. 

The surface quality of a flexible magnetic disk as measured 
by the error free reproduction of recorded data can be subs- 
tantially improved by mechanically treating the disk surface . 
The desirability of surface treatment and its advantages were 
recognized when it was discovered that untreated disk sur- 
faces had reduced errors after they had been used for a 
period of time. There was rapid improvement for an initial 
period of us . After this, the disk remain d essentially 
unchanged imtil the effect of mechanical wear became evident. 
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Following this discovery, efforts were made to speed up th 
break-in period since it was not practical to run the disks 
in normal fashion for the time required to improve their 
performance • 

The various disk manufactxxrers use a variety of techniques, 
not all of which are publicly known. Examples of siirface 
treatment are shown in U. S. patent 3,943,666 and 4,179,852 
and IBM Technical Disclosure Bulletin Vol. 14, No. 5, 
October 1971 pages 1144-1146; Vol. 19, No. 10, March 1977 
pages 3829-3830 and Vol. 20, No. 3, August 1977 pages 1146- 
1147. 

These techniques are variously referred to as burnishing, 
polishing or honing but the objective, removal of asperities 
to improve the smoothness of the disk, is the same regardless 
of the name applied to the technique. 

U- S. patent 3,943,666 describes a process which uses an 
abrasive cylinder to burnish a flexible disk supported 
against a resilient backing plate. The surface deviation 
finish claimed for this process is 1.8 AA in a 12-22 second 
treatment. While surface finish dimensions are a factor, the 
real test is how the disk performs in actual practice. Even 
a very smooth finish may not perform well if the finish is 
obtained by a process which creates voids in the recording 
media. 

U. S. patent 4,179,852 uses an abrasive loaded pad to polish 
a flexible disk. While the patent does not describe the 
quality of the surface finish obtained, it does specify a 
burnishing period of approximately 20 seconds. 

U. S. patent 3,486,274 describes an apparatus for grinding 
the surface of a rigid disk. The metallic grinding pads are 
fastened to a rotating head in a fashion which permits them 
to conform to the undulations in the rigid disk. The grinding 
pads have slots of varying widths according to their distance 
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from the center of the rotating head. Nothing is said con- 
cerning the ability to finish flexible disks. 

IBM Technical Disclosure Bulletin Vol. 14, No. 5, pages 
1444-5 shows a flexible disk surface treatment which uses a 
sharp flat hard blade which bears against a flexible disk in 
a region backed by a resilient pad. The treatment is spe- 
cified to take 20 seconds. 



IBM Technical Disclosure Bulletin, Vol. 19, No. 10, pages 
3829-30 illustrates a burnishing process which typifies the 
prior art. A cup type burnishing tool is positioned within a 
hole in a flat Bernoulli plate which supports a rotating 
flexible disk. The edge of the cup forms a circular knife 
which engages the disk and smoothes out any high spots or 
bumps. The flow of air outwardly across the knife edge 
burnishing cup appears to create an area of reduced pressure 
within the cup to draw the flexible disk into engagement with 
the cup. 

IBM Technical Disclosure Bulletin, Vol. 20, No. 3, August 
1977, pages 1146-7 sets forth an improved version of the 
process described in Vol. 19. The improvement consists of a 
vacuum applied to the interior of the bximishing tool and a 
change to a rounded edge on the tool instead of the sharp 
edge previously described. This in^jrovement is directed 
specifically to media which uses chromium dioxide coatings. 

From the wide range of processes described above it can be 
seen that the treatment is more of an art than a science. 
Where one process uses a sharp edged tool another uses a 
round edge. Some processes use abrasives either bonded to a 
tool or in a slurry and others use only a tool. Suffice to 
say that what works fcfr one media is often not satisfactory 
for another or at least does not produce an optimum result. 

The principal object of the invention is to provide an im- 
proved method and apparatus for burnishing flexible magnetic 
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disks having an improved surface coating which cannot be 
satisfactorily burnished with existing equipment and 
techniques. Flexible disks having a chromium dioxide coating 
are particularly suited to this technique. The apparatus 
includes a burnishing tool having multiple blades positioned 
in individual openings or holes. The holes are connected to 
a plenxm. The tool is rotated over the flexdLble disk which is 
also rotated. A vacuum is applied to the plenum causing the 
flexible disk to fly at a fixed distance from the surface of 
the burnishing tool. The vacuum also serves to remove the 
material that is dislodged from the surface of the disk by 
the burnishing process. The burnishing blades are spaced 
from the wall of the hole to prevent material removed from 
the disk from becoming lodged in the comer where it could 
cause scratches and interfere with the burnishing process. 
The orientation of the burnishing blades is selected to 
ensure that each area of the flexible disk is treated by 
blades which are at different angles with respect to the 
surface. 

Fig. 1 is a schematic drawing of the basic apparatus used to 
practice the invention. 

Fig. 2 is a partial side view of the burnishing tool and the 
platter used to rotate the flexible disk. 

Fig. 3 is an enlarged portion of the burnishing tool and 
platter of Fig. 2 showing the tool in the operative position. 

Fig. 4 is a partial sectional view taken through a burnishing 
blade and a flexible disk. 

Fig. 5 is a partial perspective view showing a burnishing 
blade and the notches at the ends of the blade. 

Fig. 6 is a bottom view of the burnishing tool. 
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Pig. 7 shows the orientation of the burnishing blades. 



Fig. 8 is a persp ctive view of the burnishing tool and 
manifold. 

The flexible disk surface finishing system shown in Fig. 1 
has a flexible disk support platter 1 suitably mounted for 
rotation about a first axis 2. A hub 3, located at the 
center of platter 1, positions and clamps flexible disk 4 on 
platter 1 so that disk 4 rotates at the same speed as platter 
1. Hub 3 can be an expandable collet, or a flange type clamp 
operated by air, electrical or mechanical means. Precise 
centering is not required but no slippage between the disk 4 
and platter 1 should occur during the finishing process. 

Platter 1 can be driven by any suitable means such as drive 
pulley 10, mounted on drive shaft 11, and belt 12. shaft 11 
is driven by means which provides precise control of the 
rotational speed, in the preferred embodiment the platter 1 
is rotated in the direction of arrow 13 at 1658 revolutions 
per minute and controlled within + 2 revolutions per minute. 
A synchronous motor or stepping motor energized by a source 
of energy at the appropriate frequency is a preferred drive 
means for shaft 11. 

A burnishing tool 19 including a manifold 20 is positioned 
above the platter 1. Manifold 20 is mounted on hollow shaft 
21 which rotates within the sealed bearing assembly 22. 
Burnishing tool 19 and manifold 20 are rotated about aiis 23 
by means of belt 24 and drive pulley 25 on shaft 26. The 
burnishing tool is rotated in the direction of arrow 27 at a 
speed of 1650 revolutions per minute and controlled within + 
2 revolutions per minute. 

The manifold 20 is mounted so that it may be lowered to 
within 0,254 mm of flexible disk 4. When in this position, 
valve 30 is rotated from a position which vents the manifold 
to the atmosphere to the position shown in Fig. 1. This 
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applies a vacuum, generated by vacuum pump 31, to the mani- 
fold 20. The vacuum system includes a relief valve 32 and 
reservoir 33. 

The relationship between burnishing tool 19 and disk 4 prior 
to the finishing is shown in Fig. 2. Burnishing tool 19 is 
spaced well away from platter 1 to allow disk 4 to be placed 
in position and clamped to platter 1 by hub 3. In order to 
remove such loose particles as may exist on the disk surface, 
a brush 39, rotating in the direction of arrow 38, may be 
lowered into engagement with flexible disk 4. 

After this treatment with banish 39 the burnishing tool 19 is 
moved to the position shown in Fig. 3 which places the lower, 
planar, surface 40 of manifold 20 approximately 0,254 mm 
above disk 4. When valve 30 is moved to the position shown 
in Fig. 1, the resulting air flow between disk 4 and planar 
surface 40 into the openings 41 causes flexible disk 4 to fly 
against planar surface 40 as shown in Fig. 4. In the area of 
the planar surface 40 the disk 4 will fly at a height greater 
than the average coating roughness, but less than the height 
of the troublesome asperities. However, in the area of holes 
41, the flexible disk 4 bows slightly upward and comes into 
engagement with burnishing blade 42. The engagement is 
primarily a function of the mechanical properties of the 
flexible disk 4, the air flow between disk 4 and planar 
surface 40, the amount of vacuum, and the size of hole 41. 
Other factors are less significant. In the preferred embo- 
diment the gauge vacuxua within manifold 20 during operation 
is 3x10* Pa (±0,3). 

The burnishing blade 42 engages flexdlble disk 4 at right 
angles so that the blade tends to wear sharp. This is si- 
gnificant to blade life and the performance of the system. A 
sharp blade tends to reduce smearing of asperities. Smearing 
is undesirable because, among other disadvantages, it reduces 
the sites available for lubricant retention. Smearing also 
tends to aggravate the transf r of asperities from the media 
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to the recording transducer where they adhere and cause an 
increase in the head to disk spacing. Thus, a smoother 
finish, if produced by smearing, may not result in improved 
performance * 

The physical arrangement of burnishing blades 42 cind holes 41 
is shown in greater detail in Figs. 5-8. The shape of blade 
42 is shown in Fig. 5. The ends 43 and 44 are spaced away 
from the wall of hole 41. The distance between the ends 43 
and 44 and the wall is selected to prevent debris removed 
from the disk 4 from becoming wedged between the blade 42 and 
the wall. This distance depends largely on the size of the 
debris generated during the burnishing process and will be 
determined experimentally in most cases. A selected dimension 
can be used in a trial run. If the comers become filled, a 
larger dimension can be tried. Although the drawing is not 
made to scale it does illustrate an approximation for the 
gap. A distance one to three times the blade thickness is a 
good starting point. Further, if too large a gap is used the 
ends 43 and 44 may score the surface of disk 4 although this 
is not a problem with acceptable gaps. 

Fig. 6 shows the arrangement of the holes 41 in the planar 
surface 40. In the preferred embodiment eight holes 41 and 
blades 42 are used. The area of holes 41 is approximately 33% 
of the area of planar surface 40. These are spaced at regular 
intervals along a circular path equidistant from the axis of 
rotation. It is desirable to have the diameter of the cir- 
cular area encompassed by the blades to be slightly greater 
than the radial region to be burnished on the disk. This 
allows a disk to be burnished without the need for radial 
translation of burnishing tool 19. 

Each of the blades 42-1 through 42-8 is positioned at 45° 
with respect to the direction of rotation. It has been found 
that improved burnishing results if the blades are so ar- 
ranged. Although the reason for this is not entirely clear 
it may be due to reduced smearing of asperities. An addi- 
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tional improvement is provided by positioning alternate 
blades at 90**, still at 45** witli respect to the direction of 
rotation, but canted in the other direction. This arrangement 
is shown in Fig. 7 where the leading edges of blades 1, 3, 5 
and 7 lie 45** to the left of the direction of rotation shown 
by arrow 50. The leading edges of blades 2, 4, 6 and 8 lie 
45** to the right of arrow 50. Thus, when a surface imper- 
fection is encountered, blade 1 tends to shear it to the 
right, blade 2 tends to shear it to the left, etc. This 
arrangement has been effective in reducing the smearing of 
such imperfections when the tool or tools move in the same 
path at the same angle with respect to the disk. 

The front perspective view of Fig. 8 shows the planar surface 
40 of burnishing tool 19 and the blades 42 arranged in the 
holes 41. Each of the holes 41-1 through 41-8 communicates 
with the hollow interior of manifold 20. This arrangement is 
shown in Fig. 3. The blades 42 may be individually fa- 
bricated, moxmted in holes 41 and then groxuid flush with 
planar surface 40. It has been fomid preferable to fashion 
the blades and the manifold from a single piece of tool 
steel. The holes 41 and blades 42 can be fabricated by means 
of conventional electro discharge machining or chemical 
etching. The planar surface 40 is finished in the usual 
fashion by grinding, lapping, and polishing to a mirror-like 
finish. 
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Apparatus for finishing the surface of a flexible ma- 
gnetic disk (4) characterized in that it comprises : 

first drive means (10) for rotating said flexible disk 
about a first axis (2) perpendicular to the plane of 
said disk, 

a manifold (20) rotatable about a second axis (23) 
parallel to and spaced from said first axis, 

said manifold having a planar surface (40) perpendicular 
to said second axis, 

a plurality of openings (41) in said planar surface 

a burnishing blade (42) mounted in at least one of said 
openings with a blade edge positioned substantially 
coplanar with said manifold planar surface, the ends of 
said blade edge being spaced from the wall of said 
openings , 

means (30, 31, 32) for applying a vacuum to said mani- 
fold to draw a flexible disk toward said manifold planar 
surface, and 

second drive means (25) for rotating said manifold about 
said second axis. 

Apparatus according to Claim 1 characterized in that it 
further includes : 

means for controlling the speed of said first and second 
drive means (10, 25) to cause the rotational speed of 
said manifold (20) to differ from the rotational speed 
of said disk (4). 
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Apparatus acc rding to Claim 2 characterized in that : 



the rotational sp ed of said manifold (20) is 1650 RFM + 
2 RPM and the rotational speed of said disk (4) is 1658 
RPM + 2 RPM. 

Apparatus according to any one of Claims 1-3 character- 
ized in that : 

the diameter of said planar sxirface (40) is greater than 
the radial length of the area to be btimished. 

Apparatus according any one of Claims 1-4 characterized 
in that : 

the distance between said first and second axes {2, 23) 
remains constant during burnishing. 

Apparatus according to any one of Claims 1-5 character- 
ized in that : 

said openings (41) are arranged equidistant from said 
second axes (23). 

Apparatus according to any one of Claims 1-6 character- 
ized in that : 

the area of said openings (41) is approximately 33% of 
the area of said planar surface (40). 

Apparatus according to any one of Claims 1-7 character- 
ized in that : 

the gauge vacuum within said manifold (20) during ope- 
ration is 3x10* Pa (±0,3). 

A process for treating the surface of a flexible magne- 
tic disk characterized in that it comprises the steps 
of: 
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1. Rotating the disk at a first speed. 



2. Rotating a manifold, having burnishing blades 
positioned in holes in a planar surface, at a 
second, different speed, 

3. Applying a vacuum to said manifold to cause said 
disk to fly against said planar surface and engage 
said burnishing blades, 

4. Discharging said vacuum to disengage said disk from 
said manifold surface when the treatment is com- 
plete • 

10 • A process according to Claim ( characterized in that : 

step 3 lasts at least 2 seconds and not more than 5 
seconds • 

11* A flexible magnetic disk characterized in that it treat- 
ed according to the process of claim 9 or 10. 
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@ Apparatus and method for burnishing magnetic disks. 

@ The burnishing tool has a plurality of holes (41) in the 
planar surface (40) which engages the flexible magnetic 
disk (4). Each hole contains a burnishing blade (42) posi- 
tioned at 45'* to the direction of motion. A manifold (20) 
connects each hole to a vacuum pump which draws air into 
the holes causing the flexible magnetic disk to fly against 
the planar surface. The vacuum also removes the debris 
from the burnishing tool. 
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Description 

Vari us burnishing techiques have b en used 
to finish the surface of flexible magnetic disks. In 
most cases these techniques have been adequate 
although available diskettes have a wide range of 
surfece finishes. There is, however, a requirement 
for ever increasing bit density which cannot be 
satisfied with existing coatings. It has been found 
that simply Improving existing coatings with 
more burnishing to provide a smoother finish is 
not adequate and an improved coating is 
necessary. Unfortunately, the existing burnishing 
techiques are not adequate to handle the 
improved coatings which have much improved 
smoothness. Smearing of asperities, embedding 
debris and removal of particles, causing voids, 
are common faults of existing techiques when 
applied to improved, smoother/ coatings. The 
improved surface needs only to have the occa- 
sional large asperity removed to eliminate read- 
back defects. A further problem exists in the time 
required to burnish a disk. While some techniques 
provide adequate surface finish on existing media 
from a 20 to 40 second burnish, a more desirable 
figure is 2-4 seconds. In other words, to be a 
satisfactory technique, the burnishing of 
improved media should be able to be completed 
in 2-^ seconds. In addition to all this, the new 
technique should not require exotic technology or 
equipment l&Jt should resemble the existing 
burnishing process as much as possible to make 
it easy to implement in existing manufacturing 
sites wth minimum retraining of machine 
operators. 

The surface quality of a flexible magnetic disk 
as measured by the error free reproduction of 
recorded data can be substantially improved by 
mechanically treating the disk surface. The desira- 
bility of surface treatment and its advantages 
were recognized when it was discovered that 
untreated disk surfaces had reduced errors after 
they had been used for a period of time. There 
was rapid improvement for an initial period of 
use. After this, the disk remained essentially 
unchanged until the effect of mechanical wear 
became evident 

Following this discovery, efforts were made to 
speed up the break-in period since it was not 
practical to run the disks In normal fashion for the 
time required to improve their performance. 

The various disk manufacturers use a variety of 
techniques, not all of which are publicly known. 
Examples of surface treatment are shown in U. S. 
patent 3,943,666 and 4,179,852 and IBM Technical 
Disclosure Bulletin Vol. 14, No. 5, October 1971 
pages 1144—1146; Vol. 19, No. 10, March 1977 
pages 3829—3830 and Vol. 20, No. 3, August 1977 
pages 1146—1147. 

Th se techniques are variously referred to as 
burnishing, polishing or honing but the objective, 
removal of asperities to improve the smoothness 
of the disk, is the same regardless of th name 
applied to the technique. 

U. S. patent 3,943,666 describes a process 



which uses an abrasiv cylinder to burnish a 
flexible disk supported against a resilient backing 
plate. The surfac d viatlon finish claimed f rthis 
process is 1.8.1 0~^°m in a 12—22 second treat- 

5 ment. While surface finish dimensions are a 
factor, the real test is how the disk performs in 
actual practice. Even a very smooth finish may 
not perform well if the finish is obtained by a 
process which creates voids in the recording 

10 media. 

U. S. patent 4,179,852 uses an abrasive loaded 
pad to polish a flexible disk. While the patent does 
not describe the quality of the surface finish 
obtained, it does specify a bumtshing period of 

IS approximately 20 seconds. 

U. S. patent 3,486,274 describes an apparatus 
for grinding the surface of a rigid disk. The 
metallic grinding pads are fastened to a rotating 
head In a fashion which pennits them to conform 

20 to the undulations In the rigid disk. The grinding 
pads have slots of varying widths according to 
their distance from the center of the rotating 
head. Nothing Is said concerning the ability to 
finish flesdble disks. 

25 IBM Technical Disclosure Bulletin Vol. 14, No. 5, 
pages 1444 — 5 shows a flexible disk suriace treat- 
ment which uses a sharp flat hard blade which 
bears against a fle)dble disk in a region backed by 
N a resilient pad. The treatment is specified to take 

30 20 seconds. 

IBM Technical Disclosure Bulletin, Vol. 19, No. 
10, pages 3829—30 illustrates a bumishing pro- 
cess which typifies the prior art A cup type 
bumishing tool is positioned within a hole in a flat 

35 Bemoulli plate which supports a rotating flexible 
disk. The edge of the cup forms a circular knife 
which engages the disk and smoothes out any 
high spots or bumps. The flow of air outwardly 
across the knife edge burnishing cup appears to 

40 create an area of reduced pressure within the cup 
to draw the flexible disk into engagement with the 
cup. < 

IBM Technical Disclosure Bulletin, Vol. 20, No. 
3, August 1977, pages 1146—7 sets forth an 

45 improved version of the process described in Vol. 
19. The improvement consists of a vacuum 
applied to the interior of the bumishing tool and a 
change to a rounded edge on the tool instead of 
the sharp edge previously described. This 

60 improvement is directed specifically to media 
which uses chromium dioxide coatings. 

From the wide range of processes described 
above it can be seen that the treatment is more of 
an art than a science. 

55 Where one process uses a sharp edged tool 
another uses a round edge. Some processes use 
abrasives either bonded to a tool or in a slurry and 
others use only a tool. Suffice to say that what 
works for one media Is often not satisfactory for 

60 an therorati ast does not produce an optimum 
result 

The principal object of the invention is to 
provide an improved method and apparatus for 
bumishing flexible magnetic disks having an 
65 improved suriac c ating which cannot b satis- 
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factorily burnished with existing equipment and 
techniques. Flexible disks having a chromium 
dioxide coating are particularly suited to this 
technique. The apparatus includes a burnishing 
tool having multiple blades positioned in indivi- 
dual openings or holes. The holes are connected 
to a plenum. The tool is rotated over the flexible 
disk which Is also rotated. A vacuum is applied to 
the plenum causing the flexible disk to fly at a 
fixed distance from the surface of the burnishing 
tool. The vacuum also serves to remove the 
material that is dislodged from the surfece of the 
disk by the burnishing process. The burnishing 
blades are spaced from the wall of the hole to 
prevent material removed from the disk from 
becoming lodged in the comer where it could 
cause scratches and interfere with the burnishing 
process. The orientation of the burnishing blades 
is selected to ensure that each area of the flexible 
disk is treated by blades which are at different 
angles with respect to the surface. 

Fig. 1 is a schematic drawing of the basic 
apparatus used to practice the invention. 

Fig. 2 is a partial side view of the bumishing 
tool and the platter used to rotate the flexible disk. 

Fig. 3 is an enlarged portion of the burnishing 
tool and platter of Rg. 2 showing the tool in the 
operative position. 

Rg. 4 is a partial sectional view taken through a 
burnishing blade and a flexible disk. 

Rg. 5 is a partial perspective view showing a 
burnishing blade and the notches at the ends of 
the blade. 

Fig. 6 is a bottom view of the bumishing tool. 
Fig. 7 shows the orientation of the bumishing 
blades. 

Fig. 8 is a perspective view of the bumishing 
tool and manifold. 

The flexible disk surface finishing system 
shown in Rg. 1 has a flexible disk support platter 
1 suitably mounted for rotation about a first axis 
2, A hub 3, located at the center of platter 1, 
positions and clamps flexible disk 4 on platter 1 so 
that disk 4 rotates at the same speed as platter 1. 
Hub 3 can be an expandable collet, or a flange 
typo clamp operated by air, electrical or mechani- 
cal means. Precise centering is not required but 
no slippage between the disk 4 and platter 1 
should occur during the finishing process. 

Platter 1 can be driven by any suitable means 
such as drive pulley 10, mounted on drive shaft 
11, and belt 12. Shaft 1 1 is driven by means which 
provides precise control of the rotational speed. 
In the preferred embodiment the platter 1 is 
rotated in the direction of arrow 13 at 1658 
revolutions per minute and controlled within ± 2 
revolutions per minute. A synchronous motor or 
stepping motor energized by a source of energy 
at the appropriate frequency is a preferred drive 
means for shaft 11. 

A bumishing tool 19 Including a manifold 20 is 
positioned abov th platter 1. Manifold 20 is 
mounted on hollow shaft 21 which rotates within 
the seal d b aring assembly 22. Bumishing to I 
19 and manifold 20 are rotated about axis 23 by 



means f belt 24 and drive pulley 25 on shaft 26. 
Th bumishing tool is rotat d in the direction of 
arrow 27 at a speed of 1650 revolutions per 
minute and controlled within ± 2 revolutions per 

5 minute. 

The manifold 20 is mounted so that it may be 
lowered to within 0,254 mm of flexible disk 4. 
When in this position, valve 30 is rotated from a 
position which vents the manifold to the atmos- 

w phere to the position shown in Rg. 1 . This applies 
a vacuum, generated by vacuum pump 31, to the . 
manifold 20. The vacuum system includes a relief 
valve 32 and reservoir 33. 
The relationship between burnishing tool 19 

IS and disk 4 prior to the finishing is shown in Fig. 2. 
Bumishing tool 19 is spaced well away from 
platter 1 to allow disk 4 to be placed in position 
and clamped to platter 1 by hub 3. In order to 
remove such loose particles as may exist on the 

20 disk surface, a brush 39, rotating in the direction 
of arrow 38, may be lowered into engagement 
with flexible disk 4. 

After this treatment with brush 39 the bumish- 
ing tool 19 is moved to the position shown in Rg. 

25 3 which places the lower, planar, surface 40 of 
manifold 20 approximately 0,254 mm above disk 
4. When valve 30 is moved to the position shown 
in Rg. 1, the resulting air flow between disk 4 and 
planar surface 40 into the openings 41 causes 

30 flexible disk 4 to fly against planar suri'ace 40 as 
shown in Fig. 4. In the area of the planar surface 
40 the disk 4 will fly at a height greater than the 
average coating roughness, but less than the 
height of the troublesome asperities. However, in 

35 the area of holes 41, the flexible disk 4 bows 
sllghtiy upward and comes into engagement with 
bumishing blade 42. The engagement is primarily 
a function of the mechanical properties of the 
flexible disk 4, the air flow between disk 4 and 

40 planar surface 40, the amount of vacuum, and the 
size of hole 41. Other factors are less significant 
In the preferred embodiment the gauge vacuum 
within manifold 20 during operation is 3 x 10^ Pa 
(± 0,3). 

45 The bumishing blade 42 engages flexible disk 4 
at right angles so that the blade tends to wear 
sharp. This is significant to blade life and the 
performance of the system. A sharp blade tends 
to reduce smearing of asperities. Smearing is 

50 undesirable because, among other dis- 
advantages, it reduces the sites available for 
lubricant retention. Smearing also tends to aggra- 
vate the transfer of asperities from the media to 
the recording transducer where they adhere and 

6 cause an increase in the head to disk spacing. 
Thus, a smoother finish, if produced by smearing, 
may not result in improved performance. 

The physical arrangement of burnishing blades 
42 and holes 41 is shown in greater detail In Rgs. 

€0 5—8. The shape of blade 42 is shown in Rg. 5. The 
ends 43 and 44 are spaced away from the wall of 
hole 41. Th distance betw enth ends 43 and 44 
and th wall is select d to prevent d bris 
removed fr m th disk 4 fr m bee ming wedged 

65 between the blade 42 and the wall. This distance 
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depends larg ly on the size of the debris gen ra- 
ted during the burnishing process and will be 
determin^ experimentally in most cases. A 
selected dimension can be used in a trial run. If 
the comers become filled, a larger dimension can 
be tried. Although the drawing Is not made to 
scale rt does illustrate an approximation for the 
gap. A distance one to three times the blade 
thickness is a good starting point Further, If too 
large a gap is used the ends 43 and 44 may score 
the surface of disk 4 although this Is not a 
problem with acceptable gaps. 

Rg. 6 shows the arrangement of the holes 41 In 
the planar surface 40. In the preferred embodi- 
ment eight holes 41 and blades 42 are used. The 
area of holes 41 is approximately 33% of the area 
of planar surface 40. These are spaced at regular 
intervals along a circular path equidistant from 
the axis of rotation. It Is desirable to have the 
diameter of the circular area encompassed by the 
blades to be slightly greater than the radial region 
to be burnished on the disk. This allows a disk to 
be burnished without the need for radial transla- 
tion of burnishing tool 19. 

Each of the blades 42—1 through 42-^ is 
positioned at 4S° with respect to the direction of 
rotation. It has been found that Improved burnish- 
ing results If the blades are so arranged. Although 
the reason for this is not entirely dear it may be 
due to reduced smearing of asperities. An 
additional improvement is provided by position- 
ing alternate blades at 90°, still at 4S° with respect 
to the direction of rotation, but canted in the other 
direction. This arrangement is shown in Fig. 7 
where the leading edges of blades 1, 3, 5 and 7 lie 
45** to the left of the direction of rotation shown by 
arrow 50. The leading edges of blades 2, 4, 6 and 8 
lie 45° to the right of arrow 5a Thus, when a 
surface Imperfection is encountered, blade 1 
tends to shear it to the right blade 2 tends to 
shear it to the left, etc This arrangement has been 
effective in reducing the smearing of such imper- 
fections when the tool or tools move In the same 
path at the same angle with respect to the disk. 

The front perspective view of Rg. 8 shows the 
planar surface 40 of burnishing tool 19 and the 
blades 42 arranged in the holes 41. Each of the 
holes 41—1 through 41—8 communicates with 
the hollow interior of manifold 20. This arrange- 
ment is shown in Rg. 3. The blades 42 may be 
individually fabricated, mounted in holes 41 and 
then ground flush with planar surface 40. It has 
been found preferable to fashion the blades and 
the manifold from a single piece of tool steel. The 
holes 41 and blades 42 can be fabricated by 
means of conventional electro discharge machin- 
ing or chemical etching. The planar surface 40 is 
finished In the usual fashion by grinding, lapping, 
and polishing to a mirror-like finish. 

Claims 

1. Apparatus for finishing the surface of a 
flexible magnetic disk (4) comprising: 
first driv means (10) for rotating said flexible 



disk about a first axi (2) perpendicular t th 
plane of said disk, 

a manifold (20) rotatable about a second axis 
(23) parallel to and spaced from said first a3ds, 
5 said manifold having a planar surface (40) 
perpendicular to said second axis, 

means (30, 31, 32) for applying a vacuum to 
said manifold to draw a flexible disk toward said 
manifold planar surface and, 
10 second drive means (25) for rotating said mani- 
fold about said second axis, characterized in that 

said manifold (20) has a plurality of openings 
(41) in said planar surface 

a bumishing blade (42) mounted in at least one 
75 of said openings with a blade edge positioned 
substantially coplanar with said manifold planar 
surface, the ends of said blade edge being spaced 
from the wall of said openings. 

2. Apparatus according to Claim 1 characterized 
20 in that it further includes: 

means for controlling the speed of said first and 
second drive means (10, 25) to cause the rota- 
tional speed of said manifold (20) to differ from 
the rotational speed of said disk (4). 
25 3. Apparatus according to Claim 2 characterized 
In that: 

the rotational speed of said manifold (20) Is 
1650 RPM ± 2 RPM and the rotational speed of 
said disk (4) is 1658 RPM ± 2 RPI\/I. 
30 4. Apparatus according to any one of Claims 1-3 
characterized In that: 

the diameter of said planar surface (40) is 
greater than the radial length of the area to be 
burnished. 

35 5. Apparatus according to any one of Claims 
1—4 characterized In that: 

the distance between said first and second axes 
(2, 23) remains constant during burnishing. 

6. Apparatus according to any one of Gaims 1-5 
40 characterized in that: 

said openings (41) are arranged equidistant 
from said second axes (23). ^ 

7. Apparatus according to any one of Claims 1-6 
characterized In that 

45 the area of said openings (41 ) is approximately 
33% of the area of said planar surface (40). 

8. Apparatus according to any one of Claims 1-7 
characterized in that: 

the gauge vacuum within said manifold (20) 
50 during operation is 3 xO^ Pa (± 0,3). 

9. A process for finishing the surface of a 
flexible magnetic disk comprising the steps of: 

1. Rotating the disk at a first speed, 

2. Rotating a manifold, having a planar surface 
^ burnishing blades positioned in holes In a planar 

surface, at a second, different speed. 

3. Applying a vacuum to said manifold to cause 
said disk to fly against said planar surface and 
engage said bumishing blades. 

60 4. Discharging said vacuum to disengage said 
disk from said manifold surface when the treat- 
ment is complete, characterized in that 

said manifold has bumishing blades positi ned 
in h les In a planar surface, at a second different 

55 speed. 
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10. A process acc rding to Oaim 9 charac- 
terized in that: 

step 3 lasts at least 2 seconds and not more 
than 6 seconds. 

11. A flexible magnetic disk characterized in 
that it is treated according to the process of claim 
9 or 10. 

PatentansprQche 

1. Vorrichtung zur Endbeartieitung der OberflS- 
che einer flexiblen magnetlschen Platte (4), 
enthaltend: 

erste Antriebsmittel (10) zur Drehung der 
genannten flexiblen Platte urn eine erste Achse 
(2), die senkrecht zur Ebene der genannten Platte 
angeordnet 1st 

einen um eine zwette Achse (23) drehbaren, zu 
der ersten Achse parallel und in einem gewissen 
Abstand von derselben angeordneten Verteiler 
(20), 

wobei der genannte Verteiler eine zu der 
genannten zwelten Achse senkrechte ebene Ober- 
fiache (40) hat 

Mittel (30, 31, 32) zur Herstellung eines Vaku- 
ums an dem genannten Verteiler, um eine flexible 
platte zu der genannten ebenen Vertelleroberfld- 
che hinzuzlehen, und 

zweite Antriebsmittel (25) fOr die Drehung des 
genannten Verteiiers um die genannte zweite 
Achse, dadurch gekennzeichnet, 

dass der genannte Verteiler (20) eine Mehrzahl 
von Offnungen (41) in der genannten ebenen 
Oberflache hat, 

ein zumindest in eine der genannten anmon- 
tlertes Polierit)latt (42) mit einer Im wesentlichen 
koplanar mit der genannten ebenen Verteiler- 
oberfl3che posrtionlerten Blatticante, wobei die 
Enden des genannten Blattes einen Abstand zur 
Wand der genannten Offnungen aufweisen. 

2. Vorrichtung nach Anspruch 1, dadurch 
gekennzeichnet dass sie femer enthalt: 

Mittel zur Steuerung der Geschwindigkeit der 
genannten ersten und zweiten Antriebsmittel (10, 
25), um sicherzustellen, dass die Drehgeschwin- 
dlgkeit des genannten Verteiiers (20) von der 
Drehgeschwindlgkeit der genannten Platte (4) 
verschieden ist 

3. Vorrichtung nach Anspruch 2, dadurch 
gekennzeichnet dass: 

Die Drehgeschwindlgkeit des genannten Vertei- 
iers (20) 1650 U/min ± 2 U/mIn und die Drehge- 
schwindlgkeit der genannten Platte (4) 1658 U/ 
min ± 2 U/min betragt 

4. Vorrichtung nach irgendeinem der AnsprO- 
che 1 bis 3, dadurch gekennzeichnet dass: 

Der Durchmesser der genannten ebenen Ober- 
fl§che (40) grosser als die radiate Lange der zu 
polierenden RSche ist 

5. Vorrichtung nach irgendeinem der Anspru- 
che 1 bis 4, dadurch gekennzeichnet dass: 

Der Abstand zwischen den genannten ersten 
und zweiten Achsen (2, 23) wahrend des Polier- 
vorgangs konstant bleibt 

6. Vorrichtung nach irgendeinem der Anspru- 



che 1 bis 5, dadurch gekennzeichnet dass: 

Die genannten Ofhiungen (41) abstandsgleich 
von den genannten zweiten Achsen (23) ange- 
ordnet sind. 

5 7. Vorrichtung nach irgendeinem der AnsprO- 

che 1 bis 6, dadurch gekennzeichnet dass: 
Die Flache der genannten Offnungen (41) ca. 

33% der Flache der genannten ebenen Oberflache 

(40) ausmacht 
to 8. Vorrichtung nach irgendeinem der AnsprO- 

che 1 bis 7, dadurch gekennzeichnet dass: . 

Das gemessene Vakuum tnnerhalb des genann- 
ten Verteiiers (20) w3hrend des Betriebs 3 x 10^ 

Pa (± 0,3) betrdgt 
rs 9. Ein Verfahren zur Endbearbeitung der Ober- 

fliche einer flexiblen Magnetplatte, enthaltend 

folgende Schritte: 
1.* Drehung der Platte mit einer ersten 

Geschwindigkeit 
20 2. Drehung eines Verteiiers mit einer ebenen 

Oberflache, 

3. Herstellung eines Vakuums an dem genann- 
ten Verteiler, um die genannte Platte zu veranlas- 
sen, gegen die genannte ebene Oberflache zu 

25 fliegen und die genannten Polierblatter in Eingriff 
zu bringen. 

4. Ablassen des genannten Vakuums, um die 
genannte Platte mit der genannten ebenen Vertel- 
leroberflSche ausser Eingriff zu bringen, wenn die 

30 Bearbeitung beendet ist dadurch gekennzeich- 
net, dass: 

Der genannte Verteiler hat Polierblatter, die in 
Ldchern in einer ebenen Oberflache positioniert 
sind, mit einer zweiten, unterschiedllchen 
3S Geschwindigkeit 

10. Ein Verfahren nach Anspruch g, dadurch 
gekennzeichnet, dass: 

Der Schritt 3 zumindest 2 Sekunden und nicht 
mehr als 5 Sekunden dauert 
40 11. Eine flexible Magnetplatte, dadurch gekenn- 
zeichnet dass sie entsprechend dem Verfahren 
der AnsprQche Oder 10 bearbeftet wird. 

Revendications 

45 

1. Appareil de finition de la surfoce d'un disque 
magndtlque flexible (4) comprenant: 

un premier moyen d'entrainement (10) pour 
entra?ner en rotation ledit disque flexible autour 
so d'un premier axe (2) perpendiculaire au plan dudit 
disque, 

un collecteur (20) rotatif autour d'un second axe 
(23) parall6le audit premier axe et d distance de 
celui ci, 

55 ledit collecteur ^r^sentant une surface plane 
(40) perpendiculaire audit second axe, 

des moyens (30, 31, 32) pour appllquer une 
aspiration audit collecteur afin de tirer un disque 
flexible vers ladite surface plane du collecteur, et 

60 un second moyen d'entrainement (25 pour 
entra n r en rotation ledit collecteur autour dudIt 
second axe, 

caract6ris§ en ce que ledit collecteur (20) com- 
prend: 

65 une plurality d' uv rtures (41) m6nag6es dans 
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ladite surface plane, 

una lame de polissage (42) mont^e dans au 
moms I'un desdites ouvertures avec un tran- 
chant de la lame posrtionnd pratlquement dans le 
m§me plan que ladite surface plane de collecteur, 
les GXtr6mit6s dudit tranchant de lame dtant k 
distance de la parol desdrtes ouvertures. 

2. Appareil selon la revendlcation 1 caract6ris6 
en ce qu'il comprend en outre: 

des moyens pour commander la vitesse d^dlts 
premier et second moyens d'entraTnement (10, 
25) affn de rendre la vitesse de rotation dudit 
collecteur (20) diffdrente de la vitesse de rotation 
dudit disque (4). 

3. Appareil selon la revendlcation 2 caract§ris6 
en ce que: 

la Vitesse de rotation dudit collecteur (20) est de 
1650 tours par minute plus ou molns 2 tours par 
minute et en ce que la vitesse de rotation dudit 
disque (4) est de 1658 tours par minute plus ou 
moins 2 tours par minute. 

4. Appareil selon Tune quelconque des revendl- 
cations 1 — 3 caract6ris§ en ce que: 

le diamdtre de ladite surface plane (40) est 
supdrieur k la longueur radiale de la zone h polir. 

5. Appareil selon Tune quelconque des revendl- 
catlons 1— 4 caractirisd en ce que: 

la distance entre lesdrts premier et second axes 
(2, 23) reste constante pendant le polissage. 

6. Appareil selon Tune quelconque des revendi- 
catlons 1 — 5 caract6ris6 en ce que: 

lesdites ouvertures (41) sont agencies de fa^on 
h Stre ^quldistantes desdits seconds axes (23). 

7. Appareil selon Tune quelconque des revendl- 



cations 1—6 caract^ris^ en ce que: 

la zone desdites uvertures (41 ) est approxlma- 
tiv ment §gale § 33% de la zone d ladite surface 
plan (40). 

$ 8. Appareil selon Tune quelconque des revendi- 

cations 1 — 7 caracterisd en ce que: 
rindication manom^trique de vide dans ledit 

collecteur (20) pendant le fonctionnement est de 

3 xO^ Pa (plus ou moins 0,3). 
10 9. Un proc^d6 de finition de la surface d'un 

disque magnitique flexible comprenant les 

Stapes survantes: 

I. L'entralnement en rotation du disque h une 
premldre vitesse. 

fs 2. L'entralnement en rotation d'un collecteur 
pr6sentant une surface plane d une seconde 
Vitesse diffSrente. 

3. L'application d'un vide audit collecteur afin 
de provoquer le vol dudit disque centre ladite 

20 surface plane et son contact avec lesdites lames 
de polissage; 

4. La suppression dudit vide pour sSparer ledit 
disque de ladite surface du collecteur lorsque le 
traitement est achev6, caract§nsde en ce que ledit 

25 collecteur prdsente des lames de polissage dispo- 
s^es dans des trous m4nag^ dans une surface 
plane. 

10. Un proced§ selon la revendlcation 9 caract6- 
risd en ce que: 
30 I'etape 3 dure au moins 2 seoondes et pas plus 
de 5 secondes. 

II. Un disque magndtique flexible caractdrisd 
en ce quil est trait6 selon le proc^6 de la 
revendlcation 9 ou de la revendication 10. 
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